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This  report  constitutes  the  final  and  teohnioal  report  by  Dr. 

Peter  H.  Caloott  for  the  two  above  named  grants.  The  first  grant 
oovered  the  3  year  period  1st  June  1978  to  31st  May  1981  while  the 
seoond  oovered  a  three  month  period  1st  June  1901  to  31st  August  1981. 
The  seoond  grant  was  terminated  upon  request  of  both  Dr.  P.  H.  Caloott 
and  Wright  State  University  sinoe  the  former  had  been  offered  a  new 
position  in  Central  Researoh-Bioproduats,  1701,  The  Dow  Chemioal 
Company,  Midland,  Miohigan  48640,  and  was  unable  to  oontlnue  the  work 
at  the  new  locale;  an  alternative  principal  investigator  was  also  not 
available  at  WSU  to  continue  the  studies. 

These  two  grants,  whioh  both  oonoerned  the  effects  of  stress  on 
mloroblal  physiology,  bioohemistry  and  gonetios,  will  be  reported  as 
one.  Sinoe  several  basio  questions  and  approaches  were  pursued  in 
these  studies  the  report  will  be  divided  into  six  parts. 

1)  The  effects  of  stress  on  metabolio  aotivity  of  bacteria. 

2)  The  effeots  of  stress  on  genetio  stability. 

3)  The  relationship  of  oell  composition  to  survival  potential. 

4)  Starvation  and  substrate-aoaelerated  death  in  bacteria. 

5)  Cryoproteotion  studies. 

6)  Survival  and  enumeration  of  bacteria  in  natural  systems. 

1 •  The  Effeots  of  Stress  on  Metabolio  Aotivity  of  Baoterla 
a.  Aot-ive  transport 

Personnel:  S.  Steenbergen,  B.S.;  D.  Williams;  R.  Petty,  B.S. 

M.S.;  and  P.  H.  Caloott  P.l. 

Publications:  2,  O.J.S.  abstract,  ITEMS  letter  (see  Appendix  A), 

This  study,  started  before  the  grant  was  awarded,  was  continued, 
published  as  a  paper  and  presented  by  Ms.  S.  Steenbergen.  In 
addition,  Ms.  D.  Williams  continued  the  study  and  examined  the  effect 
of  stress  of  two  apeoifio  transport  systems  for  arabinose  in  E.  coll. 

Wild-type  strains  of  E.  coll  are  oapable  of  transporting  arabinose 
by  a  membrane-bound  permease  or  by  a  periplasio  binding  protein 
system.  Using  mutants  defective  in  eaoh  of  the  mechanisms,  Williams 
concluded  that  the  membrane  bound  transport  system  (permease)  was 
inaotivated  in  a  similar  fashion  to  that  of  bulk  amino  aoid  transport 
as  studied  by  Steenbergen.  This  suggested  that  the  amino  aoid 
transport  system  studied  previously  was  probably  permease-driven.  The 
periplasio  binding  protein  system  was  more  sensitive  to  stress  than 
the  permease  but  was  still  able  to  be  repaired.  These  observations 
have  not  been  published. 
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b.  Protein  synthesis 

Personnel:  B.  Ghanl  B.S.  M,S,j  P.  Caloott,  P.I. 

Publications:  3,  O.J.S.  Abstraot,  FEMS  Letter,  M.S.  Thesis 
(Appendix  A) 

Mr.  Ghani  examined  protein  synthesis  in  frozen-thawed  E.  coll  for 
his  M.S.  Thesis.  The  results  were  presented  at  a  meeting  and  are  sum¬ 
marized  in  the  abstraot  of  his  thesis.  A  small  portion  of  his  study 
was  published.  The  remainder  is  to  be  written  up  in  a  paper. 

o.  Induotlon  of  operons 

Personnel:  M.  Thomas,  P.  H,  Caloott,  P.I. 

Publications:  0 

Frozen  and  thawed  E.  poll  show  a  phenomenon  oalled  "metabollo 
injury".  This  is  manifest  when  the  stressed  organisms  are  challenged 
with  a  nutrient  rlah  (nutrient  agar)  and  a  nutrient  poor  (mineral 
salts  and  glyoerol  agar)  medium  with  the  plating  effioienoy  being  high 
and  low  respectively.  This  phenomenon  reported  many  times  over  the 
last  twenty  years  has  never  been  fully  explained.1*-2  The  faotor(s) 
present  in  the  rioh,  but  not  the  poor,  medium  has  been  sought  and 
found  many  times.  However,  in  some  systems  it  is  one  or  a  family  of 
amino  aolds  while  in  others  it  is  short  peptides.  This  laok  of  oon- 
sistenoy  has  led  me  to  postulate  that  metabollo  injury  is  really  an 
example  of  disruption  of  oell  control  prooesses.  Sinoe  small  raolecu- 
les  suoh  as  oyolio  AMP,  cyolio  OMP  and  guanosine  tetraphosphate  have 
been  implicated  in  oell  control  prooesses,  this  has  led  me  to  deter¬ 
mine  whether  the  nuoleotides,  singly  or  in  combination,  could  alle¬ 
viate  metabollo  injury.  Using  a  strain  of  E.  poll  used  by  others  to 
study  the  phenomenon,  we  found  that  1  raM  oyolio  GMP  (Q)  or  1  mM  guano¬ 
sine  tetraphosphate  (T)  but  not  oyolio  AMP  (A)  in  the  plating  medium 
oould  partially  alleviate  the  phenomenon.  Moreover,  in  combination , 
A+T,  G+T,  A+G  or  A+T+G,  the  phenomenon  was  abolished.  Organisms  when 
inoubated  in  a  single  salts  solution  or  nutrient  broth  at  37 *C  for  1 
hour  repeired  the  injury  and  did  not  exhibit  the  phenomenon. 

Organisms  whioh  showed  metabollo  injury  (deoreased  ability  to  grow  on 
a  mineral  salts  agar  medium)  also  induced  the  lao-operon  at  slower 
rates  than  unstressed  oells  only  when  challenged  with  laotose  as 
lnduoer  (not  the  gratuitous  induoer,  IPTG)  in  a  salts  medium  with  gly¬ 
oerol  (not  nutrient  broth).  Organisms  allowed  to  repair  1  hr  at  37  *C 
before  challenge  behaved  like  unstressed  organisms.  When  the  induc¬ 
tion  medium  (mineral  salts  +  glyoerol)  was  supplemented  with  1  mM 
oyolio  GMP  or  guanosine  tetraphosphate,  stressed  organisms  induced  the 


-3- 


i£&-operon  at  normal  rates;  1  raM  eyolio  AMP  did  not  alleviate  the 
phenomenon.  I  suggest  that  metabolio  injury  is  a  phenomenon  connected 
with  the  general  oontrol  of  oell  metabolism.  Stresses ,  such  as 
freezing  and  thawing)  disrupt  the  produotion  and  degradation  of 
oontrol  nuoleotides  and  other  soluble  intermediates.  The  "lnoorreot" 
levels  of  these  nuoleotides  for  that  particular  environment  cause  the 
organism  to  be  unable  to  divide  when  challenged  with  an  otherwise 
acceptable  growth  medium.  There  appears  to  be  many  similarities  bet¬ 
ween  metabolio  injury  and  substrate  aooelerated  death  (Seotion  4). 

d.  Effect  of  oytoskeletal  disruptive  drugs  on  cell  viability  and 
metabolism  ~ 


Personnel:  B.  Qhani,  B.S.  M.S.;  R.  Petty  B.S.  M.S.j  K.  Knlsley 

B.S,  M.S. ;  D.  Morton  B.S.  M.S.  Ph.D.  (Dept,  of  Biol.  Soi.,  W?U); 

P.  H.  Caloott,  P.I. 

Publications:  1 ,  OJS  Abstract  (Appendix  A) 

E.  poll  can  grow  in  the  presence  of  very  high  concentrations  of 
the  euoaryotlo  oytoskeleton  disruptive  drugs,  oytoohalasin  B,  oolohi- 
cine  and  vinblastin.  However,  stressed  organisms  (frozen  and  thawed 
in  water)  are  susceptible  to  these  drugs  at  concentrations  muoh  higher 
than  for  eucaryotes.  Presumably  the  freezing  prooess  makes  the  oell 
wall  and  membrane  permeable  to  the  drugs.  All  three  drugs  oan 
deorease  viability  of  stress  populations  to  that  of  saline  frozen  ones 
in  a  dose  dependent  manner.  At  concentrations  whioh  deorease 
viabilities,  vinblastine  inhibited  RNA  and  protein  synthesis  by  90  and 
40)t  respectively  while  oolohioine  inhibited  these  two  processes  by  80 
and  6SS (  neither  drug  inhibited  DNA  synthesis  by  more  than  5K. 
Oytoohalasin  B,  while  not  inhibiting  protein  synthesis,  Inhibited  DNA 
and  RNA  syntheses  by  95  and  85SI  respectively |  low  concentrations  of 
the  drugs  which  did  not  affeot  viability  ware  without  effeot  on  any 
maororaoleoular  synthesis  rate.  Electron-microscopic  examination  of 
stained  thin  seotions  of  the  organism  showed  then  the  frozen  oells 
possessed  oondensed  nuolear  regions  while  drug  treated  oells  contained 
either  very  oondensed  single  nuclear  regions  or  oondensed  dispersed 
nuolei  (dependent  on  the  drug). 

This  study  indicates  that  the  cytoplasm  and  nuoleus  of  this 
prooaryote  is  possibly  highly  organized  and  shares  similarities  in 
organization  with  eucaryotes.  Sinoe  these  drugs  are  aotive  not  only 
againat  viability,  and  bioohemioal  activities  but  also  ultrastruotural 
properties,  it  would  suggest  that  a  oytoskeleton  is  present  in  pro- 
oaryotea  that  oontrola  central  processes. 

This  study  is  being  written  up  as  a  paper  for  submission  in  the 
next  six  months. 
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e ,  Loss  of  merourlo  ion  resistanoe  in  Pseudomonas 
Personnel:  P •  H,  Caloott  P.l. 

Publioations:  3,  FEMS  Letter,  Applied  and  Environmental 
Miorobiology  paper,  2nd  International  Symposium  on  Mlorobial 
Eoology,  Abstraot  (Appendix  A) 

This  study  was  completed  and  published, 

2.  Effeota  of  Stress  on  Qenetlo  Stability 

a.  Mutagenio  action  of  freezing 

Personnel:  A.  M.  Qargett  B.S.;  P.  H.  Caloott  P.l. 

Publication:  1,  FEMS  Letter  (Appendix  A) 

b.  Sensitivity  of  DNA  repair  deflolent  mutants  of  E.  poll 
Personnel!  M.  Thomas j  P.  H.  Caloott  P.l. 

Publication:  1,  FEMS  Letter  (Appendix  A) 

o.  Sensitivity  of  DNA  repair  defioient  mutants  of  P.  aeruginosa 
and  effeot  of  an  R-Platmid 
Personnel:  D.  Williams;  P.  H.  Caloott  P.l. 

Publioations:  2,  Journal  of  General  Miorobiology,  Miami  Tissue 
Culture  Association  Abstraot  (Appendix  A) 

d.  Plasmid  ouring 

Personnel:  L«  Anderson)  D.  V.  Wood  B.S.j  P.  H.  Caloott,  P.l. 
Publication:  1,  2nd  International  Conference  on  Mlorobial 
Eoology,  Abstraot  (Appendix  A) 

Two  plasmids  (RP4  in  E.  poll  and  PPL1  in  P.  aeruginosa)  oan  be 
ourod  nov  only  by  regular” ouring  agents,  heat,  detergent,  aoridine 
orange,  aoriflavin,  mitomycin  C,  pyooyanine  but  also  by  freezing  and 
thawing.  The  freezing  and  thawing  prooess,  not  the  storage  event  is 
responsible.  Even  in  the  worst  situation  less  than  10%  of  the  popula¬ 
tion  was  oured  of  plasmid.  This  suggests  that  stresses  suoh  as 
freezing  might  play  little  role  in  ouring  natural  populations  of  their 
plasmids  unless  the  plasmid  is  relatively  unstable,  in  whioh  ease  the 
stress  might  play  a  significant  role.  These  data  are  to  be  written  up 
as  a  short  note. 
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e.  DNA  damage  end  Its  repair 

Personnel!  J.  C.  Song  B.S.  M.S.  (agr)  M.S.;  P.  H.  Caloott  P.I. 

Publications!  2,  Miami  Valley  Tissue  Culture  Association  Abstract 

M.S.  Thesis  (Appendix  A) 

Mr.  Song  oonduoted  a  study  to  determine  whether  single  strand 
breaks  were  introduoed  during  freezing  and  thawing.  This  study  was 
oompleted;  he  suooessfully  defended  his  thesis  and  presented  a 
poster  session  of  his  data. 

3.  The  Relationship  of  Cell  Composition  to  Survival  Potential 

There  are  two  ways  to  approaoh  this  problem.  Organism  oomposition 
oan  bo  changed  phenotypioally  by  altering  the  oell's  environment  whloh 
results  in  altering  the  oell's  physiology  and  oomposition. 
Alternatively,  oell  oomposition  oan  be  altered  genetioally.  Both 
approaches  have  been  utilized  in  these  studies. 

a.  Chemostat  study 

Personnel!  ST  Petty  B.S'.  M.S.;  J.  Runkle  B.S.  Ph.D.  (Dept.  Biol. 

Soi.,  WSU)i  P.  H.  Caloott  P.I. 

Publication!  1,  FEMS  Letter  (Appendix  A) 

By  growing  E.  poll  in  oheraostat  at  four  different  growth  rates 
(0.1,  0.2,  0.3,~0.5  h’1)  under  carbon  and  ammonium  limitations,  we 
ha/e  obtained  eight  phenotypioally  different  populations.  They  differ 
in  response  to  survival  on  five  different  media  (nutrient  agar  (NA), 
detergent  supplemented  NA,  salt  supplemented  WA,  Endo  agar,  MF-C  agar) 
af*er  slow  or  fast  freezing  and  slow  or  fast  thawing.  In  general, 
survival  is  highest  in  slowly  grown  versus  rapidly  grown,  nitrogen 
versus*  carbon-limiting  conditions.  Survival  is  highest  on  nutrient 
agar,  followed  by  salt  supplemented  agar;  survival  on  the  endo  or  MFC 
agars  ns  well  as  detergent  supplemented  agar  is  very  low.  Organisms 
survive  batter  whq.<  frozen  at  fast  versus  slow  rates  end  thawed 
rapidly  versus  slow.  Cell  oomposition  is  sffeoted  by  the  growth 
environment.  Lipid  (see  attaohad  paper)  and  lipopolysaooharide 
(L.P.S.)  compositions  are  affeoted.  Under  ammonium  limitation  the 
ohain  length  of  the  L.P.S.  is  inoreased  (measured  by  hexose, 
haxoaamlne,  sedheptulose,  pentose  to  EDO  ratios).  The  precise  rela¬ 
tionship  between  oell  oomposition  and  survival  potential  is  under  sta¬ 
tistical  analysis  by  Dr.  J.  Runkle  and  will  be  available  in  3-6 
months. 


b.  Plaamid  mediated  alteration  in  oryoreslatanoe  In  P.  aeruginosa 

Personnels  W.  Levine,  B.S.j  N,  H.  Truong  B.S.}  C.  Zaborowski 

B. S.j  M.  Thomas,  0.  Campbell  B.S.j  D.  Deoerbo  B.S.j  D.  Williams, 

C.  Ellis  B.S.j  I.  M,  Leffak  B.S.  Ph.D.  (Dept,  of  Biol.  Chem.  WSU) ; 

P.  H.  Caloott  P.I. 

Publioation:  1,FEMS  Letter  (Appendix  A) 

A  drug  reaistanoe  plasmid  alters  not  only  the  drug'  resistance  of 
the  host  strain  but  also  ita  resistanoe  to  freeze-thaw.  Plaamid 
mediated  decrease  in  resistanoe  to  freeze-thaw  is  aooompanied  by  an 
increased  sensitization  to  EDTA  and  detergents  but  not  salt  (see 
attaohed  paper).  This  led  us  to  determine  the  molecular  meohaniam  of 
the  alteration  in  oryosensitivity.  The  plaamid  does  not  alter  the 
phospholipid,  neutral  lipid  or  fatty  aoid  composition  of  the  host  oell 
indicating  that  the  lipid  portion  of  the  outer  and  oytoplasmio  mem¬ 
branes  are  unaffected.  Sinoe  the  plasmid  altered  the  organisms  sen¬ 
sitivity  to  detergents  but  nob  salt,  it  would  suggest  that  the 
oytoplasmio  membrane  was  unaffeated  by  the  plasmid  while  the  outer 
membrane  (OM)  could  be  affected.  Other  than  lipid,  the  OM  oontains 
L.P.S.  and  protein.  Analysis  of  cell  L.P.S.  contents  and  purified 
L.P.S.  for  ohromatographio  properties  and  composition  led  us  to 
oonclude  that  while  small  ohanges  in  L.P.S.  composition  were 
ooourring,  they  were  not  enough  to  ascertain  the  physiological  proper¬ 
ties  observed.  Extraction  of  OM  protein  by  differential  solubiliza¬ 
tion  or  by  ultraoentrifugation  and  analysis  by  S.D.S.-polyaorylamide 
gel  eleotrophoresis  revealed  that  the  plasmid  altered  tho  outer 
membrane  protein  composition  in  a  oomplex  fashion,  especially  in  sta¬ 
tionary  phase  organisms. 

,  This  system  was  analyzed  further  using  an  outer  membrane  protein 
(Palmitoyl  CoA  esterase)  with  enzyme  aotivity.  We  showed  that  the 
plasmid  altered  the  susceptibility  of  the  outer  membrane  to  stress. 

In  whole  oells,  the  enzyme  is  totally  oryptio  (>99*9%)  with  100%  aoti¬ 
vity  being  expressed  after  Frenoh  Press  disruption.  Partial  disrup¬ 
tion  of  the  outer  membrane  by  slow  or  rapid  freezing  oaused  partial 
exposure  of  the  enzyme  at  the  oell  surfaoe  (enzyme  was  not  released  or 
inactivated  by  freeze-thaw).  In  the  plasmid-defioient  strain,  fast 
freezing  exposed  less  than  20 }  of  the  enzyme  while  slow  exposed 
63-100}  of  the  aotivity.  Comparable  results  were  obtained  in  log  and 
stationary  phase  cultures.  Log  phase  cells  of  the  plasmid  containing 
strain  grown  in  the  same  medium  exposed  more  of  the  enzyme  after  slow 
and  fast  freezing,  100  and  65}.  Stationary  phase  organisms  did  not 
expose  as  muoh  of  the  enzyme  even  after  slow  freezing  (35}).  When  the 
plasmid  containing  strain  was  grown  in  a  medium  (N.B.)  supplemented 
with  merourio  ions  and  streptomycin,  the  enzyme  was  immune  to  freeze 
thaw  induoed  exposure  (<5}).  In  addition,  the  presence  of  the  plasmid 
altered  the  distribution  of  protein,  L.P.S.  (KDO),  Palmitoyl  CoA 
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esterase,  phosphodiesterase  and  arabinoae  binding  protein  (OM  or 
periplasraic  components)  but  not  isooitrate  dehydrogenase  van  intra- 
oellular  enzyme)  on  osmotio  shook  of  the  oells,  This  is  further  evi¬ 
dence  for  the  plasmid  altering  the  outer  membrane  and  wall.  This 
study  will  be  written  up  in  the  next  6  months. 


o.  Involvement  of  L.P.S,  in  oryoresistanoe 

Personnel!  0.  Bennett  B.S.)  A.  Seaver  B.S.;  P.  H.  Caloott  P.I. 
Publications!  2,  ASM  Abstract)  Applied  and  Environmental  Micro¬ 
biology  paper  (Appendix  A) 


d.  Involvement  of  O.M.  proteins  in  oryoresistanoe 
Personnel!  R.  Petty  B.S.  M.S.|  K.  Caloott)  B.S.)  M.  Thomas) 
P.  H.  Caloott  P.I. 

Publication:  0. 


A  aeries  of  mutants  (ompA.  ompB,  tax  and  l££)  of  E.  poll  with 
altered  outer  membrane  profiles  was  examined  Tor  sensitivity  to  cer¬ 
tain  antibiotios,  detergents,  salt,  EDTA  and  freezing  and  thawing. 
While  the  MIC 'a  for  tetraoycline,  neomycin  and  polymyxin  B  were  unaf¬ 
fected  by  the  mutations,  the  MIC* a  for  baoitraoin  and  novobiooin  were 
greatly  reduoed  in  some  of  the  mutants.  Loss  of  the  ompA  or  tax  gene 
produot  did  not  affeot  the  sensitivity  of  the  organism  to  challenge 
with  either  low  or  high  concentration  of  SDS  in  the  presence  or 
absenae  of  EDTA.  While  loss  of  the  ompB  gene  produot  protected  the 
organism  from  these  stresses,  loss  of  the  l££  gene  produot  severely 
sensitized  them.  Loss  of  any  of  the  gene  produots  reduoed  the  sta- 
bilty  of  the  outer  membrane  as  evidenoed  by  an  increased  sensitivity 
of  one  strain  to  SDS  in  the  plating  medium  while  very  little  change  in 
the  sensitivity  of  the  strains  to  NaCI  was  seen.  Loss  of  the  ompA. 
tax  and  especially  the  l££  gene  produots  increased  the  sensitivity  of 
the  strains  to  slow  or  rapid  fruoulng  and  thnwing  in  water  or  saline 
while  the  loss  of  the  ompB  gene  product  protected  the  organism.  Many 
aurvivors  exhibited  both  wall  and  mombrane  damage,  with  loss  of  the 
tsx,  ompA  or  Igjs  gene  produots  resulting  in  an  increase  in  the  inol- 
denoe  of  wall  and  membrane  damage  in  the  survivors  while  loss  of  the 
ompB  gene  produot  protected  the  organism  for  both  types  of  damage  when 
cells  had  been  subjected  to  freezing  in  water.  When  frozen  in  saline 
only  loss  of  the  lgp  gens  product  dramatically  inoreased  the  propor¬ 
tion  of  survivors  with  wall  and  membrane  damage.  These  studies  indi- 
oate  that  the  outer  membrane  proteins  including  the  porin  proteins 
(ompA) ,  the  atruotural  lipoproteins  (l££)  and  the  structural  proteins 
coded  or  controlled  by  ompl  and  ts&  play  important  roles  in  stabi¬ 
lizing  the  outer  membrane  and  protecting  the  organism  when  stressed. 
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e.  Involvement  of  lipids  in  orvoreslstance 
Personnel!  A.  Blasingame;  T.  Craoe;  P.  Bishop;  L.  Manzo; 

K.  Diokay;  J.  N.  Oliver  (Dept.  Biol.  Soi.,  Univ.  N.  Carolina, 
Charlotte);  P.  H,  Caloott  P.I, 

Publications:  0 


A  fatty  aoid  auxotroph  of  E.  poll  (FabA)  is  unable  to  make  un¬ 
saturated  fatty  aoids  at  37 'C. 7  However,  it  will  incorporate  exo¬ 
genously  added  unsaturated  fatty  aoids  direotly  into  the  membrane 
lipids.  Using  these  techniques,  we  have  determined  the  effeot  of 
ohaln  length  and  degree  of  unsaturation  of  the  added  fatty  aoid  on  the 
resistance  of  the  organism  to  freeze-thaw,  detergents  in  resting 
suspension,  and  detergents  and  salt  in  growing  situations.  In 
addition,  the  effeot  of  added  fatty  aoid  on  the  retention  of 
3-galaotosidase  (an  intraoellular  enzyme),  phosphodiesterase 
(perplasmio  enzyme)  and  L.P.S.  (one  component)  after  freeze-thaw 
stress  was  investigated.  When  organisms  were  enriohed  with  the  phy¬ 
siological  fatty  aoids  (16:1  or  18 1 1 )  survival  from  freeza-thaw, 
retention  of  enzymes  and  KDO  and  resistance  to  detergents  and  salt 
were  maximum.  When  14:1  or  20:1  was  enriohed  in  the  membranes,  the 
organism  showed  more  susceptibility  to  stress.  Further  sensitivity  to 
the  stress  was  seen  for  organisms  enriohed  in  22:1  fatty  aoid.  These 
organisms  were  so  sensitive  they  released  large  amounts  of  KDO  and  the 
two  enzymes  without  apparent  stress.  Qnriohment  in  18:2  versus  18:1 
resulted  in  a  more  stable  oell  to  stress  with  less  release  of  enzyme 
at  KDO,  increased  resistanoe  to  freeze-thaw  and  inoreased  resistanoe 
to  detergent  and  salt. 


When  E.  ooll  enters  stationary  phase  it  modifies  its  unsaturated 
fatty  aoids  T5TT  and  18:1  to  the  appropriate  oyelopropane  fatty  aoid 
(&I71O  and  AI91O)  by  methylating  and  oyolizing  the  double  (C«C)  bond. 
The  physiological  funotion  of  these  fatty  aoids  is  unknown. 4  However, 
some  workers  have  presented  evidenoe  to  indioate  that  strains  which 
synthesize  high  levels  are  more  resistant  to  freeze-thaw  stress  than 
strain  whioh  do  not.  These  studies  were  performed  with  a  highly 
variable  genetic  background.  Cronan  has  Isolated  and  characterized 
two  mutants  of  E.  ooll  (FT16  and  17)  whioh  unlike  the  wild  type  do  not 
oonvert  unsaturatedTatty  aoid  to  oyoiopropane  fatty  aoid.1*  Using 
these  strains  we  have  oompared  log  phase  (whioh  do  not  oontain  the 
oyoiopropane  fatty  aoid)  and  the  stationary  phase  organisms  for 
resistanoe  to  freeze-thaw,  detergents  in  growth  and  non-growth 
situations  and  salt  in  growing  situations  as  wall  as  release  of  tho 
enzymes  0-galaotosidase  (internal)  and  phosphodiesterase  (periplasraio) 
and  L.P.3.  after  freeze-thaw.  As  shown  by  Cronan  the  mutants  did  not, 
while  the  wild-type  did,  oonvert  unsaturated  fatty  aoids  to  the 
oyoiopropane  form. 


Log  phase  organisms  from  tha  three  strains  showed  slight 
variations  in  sensitivity  to  freeze-thaw  indicating  that  the  mutations 
might  be  altering  the  oryosensitlvity  by  a  meohanism  not  Involving 
oonversion  of  the  unsaturated  to  oyolopropane  fatty  aoid  (no  oyolopro- 
pane  fatty  sold  was  found  in  any  log  phase  organism) .  The  nature  of 
the  meohanism  is  unknown.  However,  when  stationary  phase  organisms 
were  examined,  it  was  evident  that  oryoreslstanoe  in  water  was  unaf- 
faoted  by  the  mutations,  while  that  for  organisms  frozen  in  saline  was 
influenced.  The  resistance  for  the  strain  synthesizing  no  cyclopro¬ 
pane  fatty  aoid  (FT16.17)  was  2  to  3  fold  higher  than  the  strain  con¬ 
taining  the  oyolopropane  fatty  aoid  (FT1),  This  waa  shown  for 
organisms  frozen  rapidly  or  slowly.  When  stationary  phase  organisms 
were  aompared,  survivors  of  saline  freezing  in  the  mutant  strains 
showed  leas  wall  and  membrane  damage  than  oomparable  survivors  of 
strain  FT1 .  The  difference  was  leas  evident  for  water  frozen  sta¬ 
tionary  phase  organisms  or  for  water  or  saline  frozen  log  phase 
organisms.  In  addition,  sensitivity  to  detergents  during  growth  and 
resting  states  was  also  influenced  by  the  mutations.  While  log  phase 
organisms  showed  oomparable  reaistanoe  to  detergents,  stationary  phase 
mutant  organisms  were  3-1*  fold  more  resistant  to  SLS  in  growth 
situations  (plating  medium)  and  2  fold  in  resting  state  in  the  pre¬ 
sence  or  absenoe  of  EDTA,  Similarly,  less  phosphodiesterase,  and  LPS 
(wall  components)  and  0-galaotosidase  (a  oytoplasmlo  enzyme)  was 
released  from  saline  frozen  stationary  phase  populations  of  mutant 
organisms  than  the  parent  wild-type  strain!  little  differenoe  in 
release  was  seen  from  stationary  phase  organisms  frozen  in  water  or 
from  log-phase  organisms. 

These  two  studies  indioate  the  role  of  the  lipid  components  in 
determining  the  resistance  of  organisms  to  stresses  including  freezing 
and  thawing. 

f .  Yeast  membrane  alterations 

Personneli  A.  H.  Rose  B.So,  Ph.D.  (Dept,  Biology,  University  of 
Bath,  England)!  P.  H.  Caloott  P.I, 

Publication!  1,  J.  General  Miorobiology ,  submitted  and  aooepted 
(Appendix  A) 

H.  Starvation  and  Substrate-Accelerated  Death 

Personnel!  T.  J.  Calvert  B.S.  M.D.;  0.  Bennett  B.S.j  M.  Thomas', 

P,  H,  Caloott,  P.I. 

Publications!  3i  2  ASM  Abstracts,  Journal  of  General  Mioro¬ 
biology  (Appendix  A) 
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Mr.  Calvert  investigated  the  role  of  oyolio  phosphodiesterase 
(converts  oyolio  AMP  to  5'AMP)  in  the  phenomenon  of  substrate  acce¬ 
lerated  death  (SAD)  in  Klebsiella.  His  thesis  work  was  presented  at  a 
recent  A.S.M.  Meeting  and  published  as  a  paper  (J.  Qeneral 
Mlorobiology) .  This  study  was  oontinued  by  Q.  Bennett  (an  honors 
undergraduate)  using  E.  coll  where  genetically  defined  mutants  were 
available.  Using  oyar.  (adenylate  oyclase",  unable  to  convert  ATP  to 
oyolio  AMP),  orp"  Toatabolite  repression  protein",  unable  to  utilize 
internally  generated  oyolio  AMP  to  induce  the  lao-operon) , 
opd"  (oyolio  phosphodiesterase",  unable  to  degrade  oyolio  AMP  to 
5'AMP)  and  orp*  oyaA  (deleted  adenylate  oyolase  gene-unabln  to  make 
oyolio  AMP,  and  a  oatabolite  repression  protein  that  does  not  require 
oyolio  AMP  to  funotion) ,  she  determined  the  critical  genes  for  SAD  in 
E.  poll.  While  the  wild-type  parent  showed  laotose  SAD,  the  orp". 
opd"  and  the  oyaAorp*  mutant  strains  were  resistant.  The  oya"  strain 
was  sensitive  to  starvation  even  in  the  absenoe  of  laotose  and  was 
also  sensitive  in  its  presenoe.  She  deduoed  that  for  SAD  to  ooour  the 
oell  required  aotive  degradation  (opd41)  and  synthesis  (ova*)  systems 
as  well  as  a  oyolio  AMP  requiring  system  (orp*)  in  E.  coil. 

In  addition,  SAD  was  investigated  in  E.  poll  further.  As  reported 
for  Klebsiella,  laotose  SAD  aaused  a  release  of  greater  than  99?  of 
the  oyolio  AMP  from  the  stressed  organisms  within  the  first  rive  minu¬ 
tes  of  stress.  Comparable  starvation  of  the  organisms  in  buffer  or  in 
a  proteoted  environment  (Laotose  plus  10  mM  Mg2*)  oaused  less  release 
(-20?)  of  the  nuoleotide.  Starvation  of  a  wild-type  strain 
(ausaeptible  to  SAD)  in  saline  phosphate  did  not  dramatloally  alter 
the  level  of  the  CRP  in  the  oell  whereas  starvation  in  the  presenoe  of 
laotose  oaused  a  3-5  fold  inorease  in  the  level  of  the  protein. 
Proteotion  of  the  organism  by  oyolio  AMP  or  Mg2*  suppressed  levels  of 
the  protein  to  those  found  in  buffer  starved  organisms.  As  shown  for 
Klebsiella,  the  oarbon  source  in  the  growth  medium  played  a  eritioal 
role.  STuoose-grown  E.  ooll  showed  gluoooe  SAD  but  not  fruotose,  man¬ 
nitol  or  laotose  SAD  Awhile "fruotose  grown  oells  showed  gluoose  and 
fruotose  SAD  but  not  mannitol  or  laotose  SAD.  Laotose  grown  oells 
showed  laotose  and  gluoose  SAD  and  also  isopropyl  thiogalaotoaida 
(IPTO)  and  thioraethyl  galaotoside  (Tf'P)  (both  are  inducers  of  the  lao- 
operon  and  are  transported  by  the  lac  permease  yet  are  not  degraded^1. 
That  the  transport  meohanlsm  and  not  metabolism  played  a  orltical  role 
in  the  phenomenon  was  strangthened  slnoe  a  laotose  analogue  (thio 
dlgalaotoside)  whioh  binds  irreversibly  to  the  Lao  permease  and  pre¬ 
vents  transport,  prevented  laotose  SAD  in  laotoso-grown  oells.  In 
addition,  a  mutant  of  E.  ooll  unable  to  utilize  arabinose  (araA)  was 
equally  sensitive  to  arabinose  SAD  when  grown  in  the  presenoe  of  ara¬ 
binose  as  was  a  wild-type  revertant.  Permease  driven  transport  of 
arabinose  and  not  its  aotual  presenoe  in  the  oell  was  required  for 
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expression  of  arabinose  SAD  sinoe  a  permease-  mutant  (still  able  to 
transport  the  sugar  by  the  periplasmie  binding  protein  system)  was 
Immune  to  phenomenon  whereas  a  binding  protein-  mutant  (with  active 
permease)  was  sensitive.  These  findings  in  Klebsiella  and  E.  poll  are 
compatible  with  SAD  being  mediated  by  sugar  transport  oontrol  of  the 
enzyme  adenylate  oyolase  described  by  Psterkofsky. 

Ms.  Bennett  also  investigated  the  possibility  that  SAD  might 
involve  the  unusual  nucleotide  guanosine  tetraphosphate  (ppQpp).  She 
found  that  spoT  strains  (unable  to  degrade  the  nucleotide)  were  immune 
to  laotose-SAD  irrespective  of  the  status  of  the  relA  gene  (that 
controls  synthesis  rate  of  the  nuoleotide).  This  implied  that  laotose 
SAD  might  involve  the  level  of  this  nuoleotide.  This  was  strengthened 
when  ppGpp  (1  mM)  was  shown  to  protect  organisms  from  laotose  SAD. 

When  organisms  are  shifted  from  a  complete  medium  (growth)  to  a 
starvation  medium  (buffered  saline),  the  oell  experiences  a  nitrogen 
souroe  depletion  and  stimulates  synthesis  of  ppGpp  whioh  accumulates 
in  the  oell.  However,  if  they  are  starved  in  the  presenoe  of  laotose, 
the  level  of  nitrogen  source  is  not  only  depleted  but  an  unfavorable 
C/N  ratio  ensues.  The  organism  responds  by  synthesizing  ppGpp  at  a 
faster  rate  which  results  in  a  faster  accumulation  (2-3  fold).  These 
organisms  are  susoeptible  to  laotose  S.A.D.  If  the  organisms  are  pro¬ 
tected  by  Mg2*  or  oyolio  AMP,  the  level  of  the  nuoleotide  was  between 
3  and  5  fold  higher.  Thus  depletion  of  internal  oyolio  AMP  by  star¬ 
vation  in  the  presenoe  of  laotose  prevented  synthesis  of  ppGpp 
(external  oyolio  AMP  and  Mg2+  prevented  loss  of  oyolio  AMP  from  orga¬ 
nisms  suffering  from  laotose  SAD).  The  inability  to  produce  Internal 
ppGpp  does  not  seem  to  be  the  oruoial  factor  sinoe  a  relA*  spoT  strain 
was  unable  to  synthesize  high  levels  of  ppGpp  in  starvation  conditions 
with  laotoso  but  was  suaoeptible  to  laotose  SAD  and  a  relA-  spoT* 
which  was  unable  to  synthesis  high  levels  of  ppGpp  in  TKe  presence  of 
laotose  and  Mg2*  was  immune.  However,  when  organisms  whioh  had  been 
starved  in  laotose  with  or  without  Mg2+  were  transferred  to  a  growth 
medium,  the  intracellular  level  of  ppGpp  decreased  gradually.  In 
S£oT+  strains  the  level  of  ppGpp  was  maintained  longer  in  organisms 
starved  in  laotose  plus  Mg2'*'  than  lactose  alone,  irrespective  of  the 
state  of  the  relA  gene.  In  spoT-  strains,  the  level  of  ppGpp  was 
maintained  for  times  oomparable  to  spoT*  strains  starved  in  laotose 
plus  Mg2*  irrespective  of  the  relA  gene  state  or  whether  or  not  Mg2+ 
was  inoluded  in  the  starvation  environment  with  laotose. 

These  studies  will  be  written  up  as  two  papers  in  the  forthcoming 
year  and  are  to  be  presented  at  the  ASM  Annual  Meeting,  1982. 
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5*  Cgyoprotaatlon 

Personnel:  A.  C.  Draper  Ill  B.S.  M.S.;  T.  J.  Calvert  B.S.  M.D.; 
M.  Thomas;  P.  H.  Caloott  P.l. 

Publications:  2,  FEMS  letter ,  Cryoletter  (Appendix  A) 


6.  Survival  in  environmental  situations 
Personnel:  R.  Petty  B.S.  M.S.;  P.  H.  Caloott  P.I, 
Publication:  0 


A  variety  of  methods  were  evaluated  for  enumeration  of  unstressed 
and  freeze-thaw  stressed  Eaoherlohla  ooll  in  a  defined  laboratory 
system.  All  three  strains  tested,  inoluding  a  laboratory  and  two 
natural,  Isolated  strains,  behaved  similarly.  The  most  probable 
number  method  enumerated  few  of  the  viable  oells  while  the  membrane 
filter  method  enumerated  higher  percentages  at  both  37*0  and  44.5’C; 
the  spread  plate  method  was  intermediate.  Endo  medium  enumerated 
stressed  and  unstressed  oells  almost  as  effectively  as  nutrient  agar 
at  both  temperatures  while  EC  and  MFC  failed  to  detect  a  high  propor¬ 
tion  of  the  survivors.  The  stress  induoed  sensitivity  to  EC  and  MFC 
media  was  repairable,  though'  the  kinetics  of  repair  were  dependent  on 
temperature  of  lnaubation  on  the  viability  determination  medium  and 
strain  of  organism.  Reoovery  of  organisms  inooulated  into  a  frozen 
soil  system  in  the  field  was  high  on  Endo  medium  at  44-5 ‘C,  oompared 
with  Endo  at  37 'C,  and  was  also  high  on  MFC  at  both  temperatures  only 
when  samples  were  allowed  to  repair  at  37*C  on  nutrient  agar  before 
assay.  Recovery  of  the  stressed  organisms  on  MFC  directly  was  poor. 
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THE  EFFECT  OF  FREEZING  AND  THAWING  ON  THE  TRANSPORT  AND  RETENTION  OF  AMINO  ACIDS 
l:4B  BY  ESCHERICHIA  COLt.Suwtin  Mi  StuenborKun  and  I’etur  U.  Galoot t,  Department  of  Biol¬ 
ogical  Sc lone  tut  »  Wright  Statu  Univurnity,  Payton ,  Ohio,  45433. 


When  K*  colt  is  frozen  under  either  ‘'slow”  or  MfastM  freezing  condltionu  and  thnv- 
•  d  n  proportion  of  the  population  fails  to  divide  on  n  rich  medium,  of  th«  survivors,  a  furth- 
■r  portion  aloo  fails  to  divide  when  stressed  with  agents  such  as  dsoxycholnte ,  aodlun  chlor¬ 
ide  and  Actlnutnyc  in  U*  Those  cells  are  termed  structurally  Injured.  Given  appropriate  condit¬ 
ions  ,  these  culls  are  capable  of  repairing  the  damage  and  regaining  the  ability  to  divide, 
on  these  media,  When  frozen  und  thawed,  cells  energiued  by  various  electron-donors  partially 
lose  the  capacity  to  transport  an  amino  acid  mixture ,  Stressing  agents  show  the  cells  to  be 
further  damaged  when  uiuaaurud  by  transport  capacity .  When  repaired,  cel  la  ar-»  capublo  of 
trannparting  the  nutriint*  at  rates  corpArabl*  to  thnt.-of  uhfrosen  cell#,. Once  the. amino  acids 
Are  transported  into  the  cells  (pru loaded) ,  they  are  retained  at  high  lavula,  Frozen  cells 
loss  a  proportion  of  and  the  ability  to  retain  these  compounds  especially  under  stressing 
situations,  Repaired  cells  trnnaport  the  re  leaned  mntorlr.i  and  retain  these  nutrients  to 
Is  vela  comparable  to  unfrozen  celln. 

This  research  was  supported  by  a  National  Institutes  of  lloAlth  Biomudlcal  Grant  to  Wright 
State  University  and  Peter  it,  Caicott  (No,  1-507-RP0-7155-01) . 


THE  EFFECT  OF  FREEZING  AND  THAWING  ON  THE  UPTAKE 
AND  RETENTION  OF  AMINO  ACIDS  IN  ESCHERICHIA  C0LI+ 


Peter  H.  Calcott,  Susan  M.  Steenbergen* 
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■*?arte  of  this  study  have  been  presented  at  the  American  Society  for 
Microbiology  Annual  Meeting  in  Las  Vegas,  Nevada,  U.S.A. ,  May,  1978. 

SUMMARY 

Escherichia  coli  is  sensitive  to  freezing  and  thawing  in  water  or 
saline  when  cooled  slowly  or  rapidly,  The  survival  of  these  populations 
iB  dependent  on  the  medium  used  to  assess  viability,  After  freezing  and 
thawing,  uninjured,  metabolically  injured,  structurally  injured  and  dead 
cells  can  be  recognized.  Structural  damage  can  be  detected  in  the  cyto¬ 
plasmic  membrane  and  the  wall  layers.  This  damage  can  be  repaired  given 
appropriate  conditions.  Amino  acid  transport  and  retention  activities 
which  are  resistant  to  cold  Bhock  and  a  detergent^ decrease  when  cells  are 
frozen  and  thawed.  They  also  become  sensitive  to  the  detergent  but  not  to 
cold  shock.  Under  repair  conditions,  the  activities  Increase  at  least 
partially  and  regain  resistance  to  the  detergent.  Statistical  analysis 
indicates  that  water  and  saline  induced  damage  during  freezing  and  thawing 
proceed  by  different  mechanisms  with  the  latter  containing  most  probably, 
two  components,  a  water  induced  and  a  saline  Induced  element. 
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PROTEIN  SYNTHESIS  IN  ESCHERICHIA  COLI  RECOVERING  FROM  FREEZING  AND  THAWING  DAMAGE. 
Baharrudln  A.  Chani  and  Pecer  H.  Calcott,  Dept,  of  Biol.  Sci.(  Wright  State  Univ., 
Dayton,  Ohio  45435 

When  bacteria  are  frozen  and  thawed,  the  population  loses  the  ability  to  form 
colonies  on  media  particularly  those  containing  selective  agents.  Surviving  pop- 
ations  Include  injured  bacteria  with  damaged  cytoplasmic  membranes,  DNA  and  outer  membranes, 
lls  also  lose  the  ability  to  respire,  generate  energy  and  utilize  it  to  drive  active 
ansport.  We  have  examined  the  effect  of  freeze-thaw  on  another  cell  process,  protein  syn- 
esis.  Stressed  cells  showa  dramatic- decrease  in  protein  synthesis  activity  which  -relates  . 
t  to  overall  viability  but  to  the  level  of  injury  in  the  population.  By  comparing  the  effect 
various  protein  synthesis  inhibitors  such  as  chloramphenicol,  tetracycline,  kasugamycin, 
reptomycin,  puromycln  and  by  using  sodium  dodecyl  sulphate  polyacrylamide  gel  electrophoresis 
DS-PAGE)  we  have  characterized  the  proteins  synthesized  immediately  after  stress.  Toluene- 
eatment  of  IJ.  coll  also  results  in  the  dramatic  decrease  in  protein  synthesis  rates  with  onlj 
ter  membrane  proteins  being  synthesized.  We  have  characterized  the  proteins  synthesized 
this  system  with  the  same  inhibitors  and  SDS-PAGE.  We  have  compared  the  proteins  synthesize 
ter  toluene  treatment  and  freeze-thaw  with  those  produced  by  whole  cells  to  determine 
ether  these  stresses  act  differentially  on  free  and  membrane-bound  ribosomes. 

This  research  was  supported  by  a  grant  to  PHC  from  U.S.  Army  Research  Office  (No.  DRXRO- 
-15525-L)  and  a  research  fellowship  to  B.A.G.  from  M.A.R.A.,  (Malaysia). 


RIFAMPtCIN  INHIBITS  PROTEIN  SYNTHESIS  IN 
TOLUENE-TREATED  ESCHERICHIA  COLI 

BAHARUODIN  A.  GHANI  AND  PETER  H.  CALCOTT 
HEMS  Letters  (In  press) 

Rtfamplcln  can  Inhibit  protein  synthesis  In  tol uene-treated 
E. col  I  by  decreasing  the  half  life  of  messenger  RNA.  Its  mechanism  Is 
not  by  an  action  on  energy  generation  or  RNA  synthesis.  The  use  of  rlfamplcln 
as  a  specific  RNA  synthesis  Inhibitor  Is  questioned. 


ABSTRACT 


Abdul  Ghanl,  Baharuddln.  M.S.,  Department  of  Biological  Sciences, 
Wright  State  University,  1980.  Protein  Synthesis  in  Escherichia 
coll  after  stress. 

When  Escherichia  coll  is  frozen  and  thawed,  a  portion  of 

the  population  dies  while  the  survivors  are  capable  of  forming 

colonies.  Of  the  survivors,  a  portion  exhibits  membrane  damage  as 

evidenced  by  an  Inability  to  form  colonies  on  NaCI -supplemented  agar 
* 

medium  while  another  portion  exhibits  wall  or  outer  membrane  damage 
since  they  fail  to  form  colonies  on  detergent  (sodium  lauryl  sulphate) 
supplemented  agar  medium.  Yet  another  portion  shows  no  damage.  By 
manipulating  the  cooling  and  warming  rates  employed  to  freeze-thaw 
the  population  and  the  freezing  menstruum  (by  Including  the  cryopro- 
tectants  glycerol  or  sucrose),  the  relative  proportions  of  unharmed, 
damaged  and  dead  cells  can  be  altered.  Protein  synthesis  Is  In¬ 
activated  by  freezing  and  thawing.  Similarly  by  altering  the  cooling 
and  warming  rates  and  the  freezing  menstruum,  the  level  of  inactivation 
can  be  varied.  Protein  synthesis  and  viability  on  nutrient  agar, 
detergent  and  NaCI -supplemented  agar  media  were  positively  related 
with  the  general  formula  y«  mx  +  c  where  x-  %  protein  synthesis  re¬ 
maining;  y»  %  viability  remaining  and  m  and  c  being  constants.  All 
correlations  were  significant  at  the  p<  .001  level. 

The  proteins  synthesized  immediately  after  stress  In  slow, 
fast  and  ultra  fast  frozen  populations  were  compared  with  proteins 
made  by  unfrozen  populations,  using  sodium-dodocyl-sulphate  poly- 


acrylamide  gel  electrophoresis  (SDS-  PAGE),  The  patterns  of  proteins 
made  in  unstressed  cells  were  In  general  different  than  those  produced 
in  stressed  cells.  The  pattern  of  proteins  made  in  stressed  cells 
were  dependent  on  the  cooling  rates  used  to  freeze  the  cells.  These 
i  patterns  were  also  distinct  from  those  obtained  from  toluene-treated 

cells  which  made  only  exported  proteins.  By  using  ribosome-specific 
inhibitors  (chloramphenicol,  puromycin,  tetracycline,  kasugamycin 
and  streptomycin)  and  a  membrane  perturbant  (procaine),  protein  synthesis 
was  characterized  In  unfrozen,  toluene-treated  and  frozen-thawed  cells. 

In  four  cases  (chloramphenicol,  puromycin,  tetracycline  and  procaine), 
protein  synthesis  in  toluene-treated  and  unfrozen  cells  was  different¬ 
ially  sensitive  to  the  drug. Frozen-thawed  cells  showed  sensitivity  to 
the  drugs  comparable  to  unfrozen  and  dissimilar  to  toluene-treated  cells, 
Two  drugs  (streptomycin  and  kasugamycin)  did  not  show  differences  In 
action  on  unfrozen,  freeze-thawed  and  toluene-treated  cells, 

Rlfamplcin  and  actlnotqycln  D  inhibited  RNA  synthesis  in  whole 
and  toluene-treated  cells.  Protein  synthesis  In  t.nluene-treated  cells 
was  inhibited  by  rlfamplcin  but  not  by  actinomycin  D.  Addition  of  CTP 
and  UTP  to  the  reaction  mixture  (containing  ATP  and  CTP)  did  not  influ¬ 
ence  RNA  or  protein  synthesis  in  toluene-treated  cells.  Rlfamplcin 
but  not  CTP  and  UTP,  increased  the  decay  of  labelled  RNA  in  toluene- 
treated  cells. 

From  these  studies,  the  following  conclusions  were  drawn. 

1)  Protein  synthesis  was  inactivated  by  freezing  and  thawing  E  coll . 

The  level  of  Inactivation  following  stress  correlated  in  a  linear 

y-  x  manner  with  the  level  of  Injury  to  the  cell  membrane  in  the 
population. 

2)  The  patterns  of  proteins  made  after  stress,  as  determined  by 
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the  course  of  this  study,  rifampicin  was  found  to  inhibit  protein  syn¬ 
thesis  in  toluene-treated  cells.  More  than  70X  inhibition  was  noticed 
when  rifampicin  was  added  to  the  reaction  mixtures  (fig.  22),  which 
already  contained  ATP  and  GTP  as  energy  sources.  The  precise  mechanism 
whereby  rifampicin  Inhibited  protein  synthesis  seemed  unclear  and  could 
not  be  resolved  with  the  data  available.  However,  four  possible  hypo¬ 
thesis  could  be  proposed  to  explain  its  action: 

1)  Rifampicin  Inhibited  enregy  generation 

2)  Rifampicin  inhibited  RNA  synthesis  which  was  a  required 

step  In  protein  synthesis  In  toluene-treated  cells. 

3)  Rifampicin  altered  the  stability  of  RNA  and  then 

Inhibited  overall  protein  synthesis. 

4)  Rifampicin  Inhibited  a  crucial  step  in  protein  synthesis. 

Hypothesis  1  seemed  unlikely  since  high  levels  of  ATP  and  GTP 

were  added  as  energy  source.  Hypothesis  2  seemed  possible  and  so  the 
following  experiments  were  undertaken  to  test  It. 

If  RNA  synthesis  was  important  then  addition  of  CTP  and  UTP 
together  with  GTP  and  ATP  might  stimulate  RNA  synthesis. and  hence  protein 
synthesis  in  toluene-treated  cells.  Figure  22  shows  that  the  two  nucleo¬ 
tides  when  included  together  did  not  stimulate  protein  synthesis. 

The  possibility  that  RNA  synthesis  was  occuring  In  toluene- 
treated  cells  and  whether  CTP  and  UTP  stimulated  its  synthesis  were 
examined.  Figure  23  shows  that  RNA  synthesis  was  occuring  in  whole 
cell  and  was  senstltlve  to  rifampicin.  RNA  synthesis  was  much  less 
active  in  toluene-treated  cells  (4X)  and  was  sensitive  to  rifampicin. 

The  addition  of  CTPand  UTP  did  not  inhibit  or  stimulate  RNA  synthesis. 
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5DS-PAGE  was  different,  and  depended  on  the  cooling  rate  employed. 

They  were  also  different  from  those  made  by  unfrozen  and  toluene- 
treated  cells. 

3)  Antibiotic  sensitivities  of  protein  synthesis  in  unfrozen  and 
toluene- treated  cells  were  different  for  four  (chloramphenicol, 
puromycin,  tetracycline,  and  procaine)  out  of  six  antibiotics  tested. 
Sensitivity  of  protein  synthesis  by  frozen-thawed  cells  was  similar  to 
that  of  unfrozen  and  distinct  from  that  of  toluene-treated  cells. 

4)  No  evidence  was  obtained  to  show  that  membrane-bound  and  cyto¬ 
plasmic  ribosomes  were  differentially  sensitive  to  freezing  and  thawing 
or  that  frozen-thawed  cells  made  exported  proteins  to  repair  wall  and 
membrane  damage  exclusively, 

5)  Rlfampicin  was  shown  to  increase  the  degradation  of  DNA  in  toluene- 
treated  cells  and  therefore  inhibit  protein  synthesis  in  these  cells. 
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ULTRASTRUCTURAL  AND  BIOCHEMICAL  CHANGES  IN  ESCHERICHIA  COLI  INDUCED  BY  CYTOSKELETAL 
ACTIVE  DRUGS.  Patsr  H.  Calcott,  David  Morton,  Din  A.  Ghani,  Rita  S.  Petty, 

Micki  Thomas  and  Keith  Knlsley,  Department  of  Biological  Sciences,  Wright  Stats 
University,  Dayton,  Ohio  45435  * 


Three  cytoskeletal  active  drugs,  cytochalasin  B,  colchicine,  and  vinblastin,  ware 
tested  for  their  ability  to  disrupt  vital  processes  and  ultraBtructure  in  Escherichia  coll.  To 
allow  antry  of  the  drugs  into  the  otherwise  Impermeable  cells,  the  bacteria  vers  frozen- 
thawed  in  the  presence  of  the  drugs.  A  dose-dependent  loss  in  viability  was  obtained  for  each 
drug  after  a  single  freeze-thaw  cycle  in  water  but  not  saline.  At  concentrations  sufficient 
to  kill  the  bacteria,  cytochalasin  B,  but  not  colchicine  or  vinblastin,  inhibited  DNA  syn¬ 
thesis,  whereas  colchicine  and  vinbloBtin,  but  not  cytochalasin  B,  inhibited  protein  synthesis 
directed  by  cytoplasmic  ribosomes.  All  three  drugs  inhibited  ENA  synthesis.  Freeze** 
thawing  in  water,  saline  or  in  the  presence  of  the  drugs,  caused  characteristic  disruptions  of 
normal  uLtraatructure,-  In  general,  these  treatments  produced  changes  in  the  granularity  of 
the  cytoplasm  and  distribution  of  the  nucleoid. 

These  biochemical,  ultras tructural  and  vlnbility  data  suggest  a  structural  organization 
for  bacterial  cytoplasm  and  nucleoid  which  is  required  for  basic  cell  function  and  growth, 

It  la  possible  that  the  cytoplasm  structure  could  be  due  to  the  presence  of  procaryotic  equiv¬ 
alents  of  eucaryotlc  microtubules,  microf ilomcnts  and  aierotrabeculae. 

This  research  was  supported  by  US  Army  Dept,  of  Research  (Grant  No.  DRXRO-CB-15525-l) » 
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INDUCTION  OF  PLASMID-BORNE  MERCURIC  ION  RESISTANCE 
BY  STREPTOMYCIN  IN  PSEUDOMONAS  AERUGINOSA 


PETER  K.  CALCOTT 

Department  of  Biological  Sciences 
Wright  State.  University 
Dayton,  Ohio  45435 


SUMMARY 


Populations  of  Pseudomonas  aeruginosa  PA01  harboring  a  strepto¬ 
mycin  and  mercuric  ion  resistance  plasmid  (pPLl) ,  when  not  preadapted 
to  growth  on  mercuric  ion  media,  died  or  showed  extended  lags  when 
inoculated  into  mercuric  ion  supplemented  media.  Growth  in  the  pres¬ 
ence  of  mercuric  ions  or  streptomycin  caused  an  adaptation  of  the 
population  to  mercury  ions  and  eliminated  this  lag  and  killing. 

A  NADPH  dependent  Hg*  oxido  reductase  was  detected  in  cells  grown  in 
the  presence  of  mercuric  iona  and/or  streptomycin  which  was  not 
present  in  cells  grown  in  the  absence  of  these  agentB.  Streptomycin 
acted  either  as  an  inducer  of  the  mercuric  ion  resistance  geneB  or 
caused  duplication  of  these  resistance  genes. 


Transient  Loss  of  Plasmid-Mediated  Mercuric  Ion  Resistance 
After  Stress  in  Pseudomonas  Aeruginosa 

I’KTKIl  H.  CAl-COTT 

Department  nf  liinhigiettl  Sciences,  Wright  Stale  Vniivmty,  Dayton,  Ohio  •DUUS 
Received  7  April  lbWV  Accepted  '27  March  t!)8l 

After  freezing  und  thawing,  Pwutltmtman  aeruginosa  harboring  u  drug  resist- 
ance  plasmid  (l  ig"'*',  Str1),  hecume  acutely  sensitive  to  mercuric  Iona  hut  not  to 
streptomycin  in  the  plating  medium,  whereas  its  sensitivity  to  both  agents  became 
more  pronounced  indicating  a  synergistic  effect,  This  freeze-thuw-induced  Rensi- 
tivity  wns  transient  anti  capable  uf  being  repaired  In  a  simple  salts  medium, 
Transient  outer  and  cytoplasmic  membrane  damage  was  also  observed  in  frozen 
and  tbnwed  preparations.  From  kinetics  studies,  repair  of  cytoplasmic  membrane 
damage  superseded  repair  of  outer  membrane  damage  and  damage  measured  by 
mercuric  Ions  and  mercuric  ions  plus  streptomycin,  Osmutically  shocked  cells 
were  also  sensitive  to  mercuric  Ions,  mercuric  Ions  plus  streptomycin,  and  sodium 
Inuryl  sulfate,  but  not  to  sodium  chloride  or  streptomycin  alone.  This  sensitivity 
wns  again  transient  und  capable  of  repair  in  the  same  simple  salts  medium.  Active 
transport  of  a  non-metubollzublo  amino  add,  o-nmino  luobutyric  acid,  was  sensi¬ 
tive  to  mercuric  ions  und  became  more  so  after  freezing  und  thawing,  A  freeze- 
thaw-resistant  mercuric  ion-dependent  reduced  nicotinamide  adenine  dinucleo¬ 
tide  phosphate  oxidoreductaso  was  localized  in  the  cytoplasm  of  this  organism, 

This  enzyme  and  an  intact  outer  membrune  appear  to  be  required  for  mercuric 
ion  resistance  in  this  strain. 


TRANSIENT  LOSS  OF  PLASMID  MEDIATED  MERCURIC  ION  RESISTANCE 
AFTER  FREEZING  AND  THAWING  OF  PSEUDOMONAS  AERUGINOSA 

PETER  H.  CALCOTT 

Department  of  Biological  Sciences 
Wright  State  University 
Dayton,  Ohio  45435 


SUMMARY 

After  freezing  and  thawing,  Pseudomonas  aeruginosa  harboring  a 
drug  resistance  plasmid  (HgZ+R,  StrcpR) ,  became  acutely  sensitive 
to  mercuric  ions  but  not  to  streptomycin  in  the  plating  medium.  Its 
sensitivity  to  both  agents  in  the  plating  medium  became  more  pro¬ 
nounced  indicating  a  synergistic  effect  of  the  mercuric  ions  with 
streptomycin.  This  freeze-thaw  induced  sensitivity  wbb  transient 
and  capable  of  being  repaired  in  a  simple  BaltB  medium.  Transient 
wall  and  membrane  damage  were  also  observed  in  frozen-thawed  prepar¬ 
ations.  From  kinetics  studies,  repair  of  membrane  damage  superceded 
repair  of  wall  damage  and  damage  measured  by  mercuric  ions  and 
mercuric  ions  plus  streptomycin.  Osmotically  shocked  cells  were 
also  sensitive  to  mercuric  ions,  mercuric  ions  plus  streptomycin  and 
sodium  lauryl  sulfate  but  not  to  sodium  chloride  or  streptomycin 
alone.  This  sensitivity  was  again  transient  and  capable  of  repair 
in  the  same  simple  salts  medium.  Active  transport  of  a  non-metab- 
olisable  amino  acid,  a  amino  iBobutyrlc  acid  (AIB) ,  was  sensitive  to, 
mercuric  iono  and  became  more  so  after  freezing  and  thawing.  A  freeze 
thaw  resistant  mercuric  ion  dependent  NADPH  oxido-reductase  was  loc¬ 
alized  in  the  cytoplasm  of  this  organism.  ThiB  enzyme  and  an  intact 
outer  membrane  appear  to  be  required  for  mercuric  ion  resistance  in 
this  strain. 


Mutagenicity  of  Freezing  and  Thawing 


Peter  H.  Calcott  und  Anne  M,  Gargett 
Department  of  Biological  Sciences 
Wright  State  University 
Dayton,  Ohio  45435 
U.S.A, 


SUMMARY 

Freezing  and  thawing  of  IS,  coli  in  saline,  hut  not  water  at  either 
slow  or  rapid  rates  caused  mutations  in  the  survivors  as  evidenced  by  inc¬ 
rease  in  the  frequency  of  trp+  revertants  from  a  trp"  auxotroph.  Cycles 
of  freeze-thaw,  but  not  frozen  Btorage,  augmented  the  frequency  of  thiB 
mutagenic  event  in  a  dose-dependent  manner,  The  relationship  was  also 
observed  for  organisms  subjected  to  ultra-violet  ,  The  cryo- 

protectant  glycerol,  not  only  protected  the  organisms  from  Iosb  of 
viability  on  freeze-thaw,  but  also  prevented  the  mutagenic  event,  Cold, 
osmotic  or  cold  osmotic  shockB  did  not  increase  the  mutagenic  frequency. 
This  indicated  that  the  freezing  and/or  thawing  steps  were  the  responsible 
events  for  causing  mutation,  This  suggested  that  the  process  of  freeze- 
thaw  is  mutagenic  and  that  DNA  could  be  a  prime  target  during  this 


stress , 


SENS  1  S  I  V I  TV  OF  DNA  REPAIR  DEFICIENT  lit  PANTS  OF 
ESCHERICHIA  COL  I  TO  FREEZING  AND  THAWING 

PETER  H.  CALCOTT  AND  MICHAL  THOMAS 

FEMS  Letters  (In  press) 

A  family  of  DNA  repair  deficient  mutants  of  E. col  I  were 
assessed  for  resistance  to  UV  light  ,  X-rays  and  slow  and  rapid  freezing 
and  thawing.  RecA,  recB,  recC ,  pol A  and  uvrA  mutants  were  more  sensitive 
to  UV  light  and/or  X-rays  as  shown  by  others.  These  same  strains  were 
sensitive  to  both  slow  and  rapid  freezing  In  water  and  saline,  Indicating 
that  the  gene  products  played  a  role  In  determining  cryoreslstance,  It 
Is  proposed  that  the  excision  repair  and  rec-dependant  post-replication 
repair  function  to  repair  dna  damage  Introduced  Into  DNA  at  both  slow 
and  rapid  cooling  rates. 


The  Role  of  DNA  Repair  Genoa  and  an  R-Plasmid  in 
Conferring  Cryoresistance  to  Pseudomonas  aeruginosa 


Donna  L.  Williams  and  Peter  H.  Calcott 
Department  of  Biological  Sciences 
Wright  State  University 
Dayton,  Ohio  45435 
U.S.A. 


SUMMARY 

The  resistance  of  Pseudomonas  aeruginosa  wild-type,  uvr " ,  pol"  and 
rec"  mutants  to  ultra-violet  light,  x-rays  and  freezing  and  thawing  was 
determined.  An  R-plasmid,  pPLl,  which  increased  resistance  of  the  wild- 
type,  uvr  ,  and  pol  but  not  rec"  strains  to  ultra-violet  light  increased 
the  resistance  of  only  rec"  and  pol"  Btrains  to  x-rayB  and  freezing  and 
thawing.  These  findings  reinforce  the  idea  of  DNA  aB  a  target  in  the 
organism  for  freeze-thaw  stress. 


THE  SENSITIVITY  OF  DNA  REPAIR  MUTANTS  OF  PSEUDOMONAS  AERUGINOSA  TO  FREEZING  AND  THAWING  AND 
THE  ROLE  OF  A  UV  REPAIR  PLASMID  IN  CONFERRING  RESISTANCE  TO  STRESS.  Donna  Williams  and 
Peter  H.  Calcott,  Department  of  Biological  Sciences,  Wright  State  University,  Dayton, 

Ohio  45435 

A  wild-type  (Wt)  and  rec“.  pol**  and  uvr"  mutants  of  Pseudomonaa  aeruninosa  wars 
assessed  for  sensitivity  to  UV,  X-ray  and  freeze- thawing.  While  uvr,  pol  and  rec  genea 
were  important  in  determining  sensitivity  to  UV  radiation  only  jgol  and  rec  genea  played 
a  role  in  determining  X-ray  sensitivity.  Freezing  and  thawing  (both  alow  and  rapid  freezing, 
in  water  and  saline)  sensitivity  was  dependent  on  pol  and  rec  but  not  uvr  gene  products, 

A  plasmid  (pPLl),  which  codes  for  drug  resistance,  increased  survival  of  wt,  uvr'  and  pol** 
but  not  rec"  strains  towards  UV.  The  plasmid,  however,  increased  survival  of  rec"  and  pol" 
but  not  wt  or  uvr"  strains  when  populations  were  stressed  with  X-ray  or  freeze-thaw  stresa. 

It  la  apparent,  that  freezc-thaw  damage  could  be  similar  to  that  produced  by  X-rays  and 
could  be  repaired  in  a  similar  fashion.  This  study  emphasizes  the  importance  of  DNA  as 
a  target  for  freeze- thaw  stress.  This  work  was  supported  by  a  research  grant  from  the 
II. S.  Army  Department  of  REsearch  (No.  DRXRO-CB-15525-L) . 


CURING  or  DRUG  RESISTANCE  PLASMIDS  PROM 


ESCHERICHIA  COLI  AND  PSEUDOMONAS  AERUGINOSA 
BY  FREEZING  AND  THAWING 


PETER  H.  CALCOTT,  DOUGLAS  WOOD  AND 
LISA  ANDERSON 

Department  of  Biological  Sciences 
Wright  State  University 
Dayton,  Ohio  45435 


SUMMARY 


A  mercuric  ion  resistance  and  streptomycin  resistance  plaBtnid  (pPLl) 
of  aeruginosa  can  be  cured  effectively  by  heat,  Bodium  dodecyl  sulphate 
and  mitomycin  C  but  not  by  acriflavin  or  acridine  orange.  Plasmid  RP4 
ampicillin  resistance,  can  be  cured  from  E,  roll  i  by  acridine  orange,  acriflavin 
and  pyocyanine  but  not  by  the  other  three  treatments.  If  Pb.  aeruginosa 
pPLl  are  frozen  and  thawed  either  rapidly  (100°C/min)  or  Blowly~fl~21’c7min) 
or  frozen-stored  (at  -20*C  or  -80*C)  in  0,85%  saline,  they  are  cured  of 
their  plasmid  to  a  higher  level  than  unfrozen  cellB.  J5.  coli  RT4  is  also 
cured  of  its  plasmid  to  an  extent  significantly  abovs  that  of  unfrozen 
cells.  However,  frozen-storage  does  not  cause  any  more  curing  than  simple 
freeze-thaw  indicating  that  the  freezing  and/or  thawing  component,  but  not 
storage,  caused  lesions  in  subsequent  replication  of  the  plasmid  after 
thawing.  It  seems  likely  thnt  freezing  and  thawing  of  cells  in  the  environ¬ 
ment  might  play  a  role  in  preventing  wide  spread  of  plasmids  in  nature. 


DNA  DAMAGE  AND  ITS  REPAIR  IN  FROZEN- THAWED  ESHCERICHLA  COLT.  Jae  Chul  Song  and  Peter  H. 
Calcott,  Department  of  Biological  Sciences,  Wright  State  University,  Dayton,  Ohio  45 A 35 

When  Escherichia  coli  is  frozen  and  thawed  a  portion  of  th,i  population  dies  while 

the  survivors  often  show  Injury.  A  possible  target  for  thiB  stress  is  the  DNA.  We  have 

investigated  the  integrity  of  the  chromosomal  DNA  after  freezing  and  thawing  in  vivo. 

Both  rapid  (100*C/mln)  and  slow  freezing  (l-?2*C/min)  cause  single  stranded  breaks  (SSB) 

3 

in  the  DNA  of  E.  coli  as  detected  in  H-thymidine  labelled  DNA  by  alkaline  sucrose  gradient 
ultracentrifugatlon.  A  relationship  was  noted  between  the  number  of  SSB  and  the  viability 
after  stress;  however,  kinetics  were  different  for  the  two  freezing  regimes  used. 
Cryoprotectants  (glycerol  and  sucrose)  significantly  reduced  the  number  of  SSB  and 
protected  populations  from  loss  of  viability.  The  DNA  damage  was  effectively  repaired 
in  a  nutrient  rich  environment.  Inhibitors,  operative  against  repair  of  UV  and  X-ray 
induced  damage,  inhibited  the  repair  of  freeze-thaw  induced  damage.  Mutants  defective 
in  recA  and  polA  Renas  repaired  DNA  damage  leas  effectively  than  the  wild  type,  uvrA  or  lexA 
mutants.  DNA  damage,  thus,  might  be  an  Important  factor  in  determining  freeze-thaw 
survival  of  bacterial  cells.  This  work  was  supported  by  a  research  grant  from  the  U.S. 

Army  Department  of  Research  (No.  DRXRO-CB-15525-L) . 


ABSTRACT 


Joe  Chul  Song,  M.S..  Department  of  Biologioal  Sciences, 
Y/right  State  University.  1981.  DNA  Damage  and  Ita  Repair 
in  i'ro  zen-Thawed  Escherichia  coli. 

The  effects  of  freezing  and  thawing,  cycles  of  freeze- 
thaw,  frozen  storage,  the  absence  or  presenoe  of 
oryoprotectlve  agents  an  population  viability  and  repair  of 
DNA  integrity  were  investigated.  DHA  integrity  was  measured 
by  the  sedimentation  properties  of  DNA  In  an  alkaline  suoroBe 
gradient  subjected  to  ultraoentrifugatlon.  DUA  damage  could 
be  calculated  from  the  sedimentation  properties  and  was 
expressed  as  an  alteration  in  sedimentation  distonoo  of  the 
molecule  from  stressed  oells  compared  with  unstressed. 
Relationships  between  DNA  damage  and  viability  were 
determined  and  analysed.  The  conclusions  from  this  study 
could  be  summarized* 

1)  DU  A  is  damaged  by  freezing  and  thawing  in  a  dose 
dependent  manner  (number  of  cycles  and  time  of  frozen 
storage) . 

2)  A  dose  dopondent  loss  of  viability  was  noted  when 
populations  were  subjected  to  frozen  storage  or  cycles  of 
freeze-thaw. 

3)  Cryoprotectants  protected  oells  from  loss  of 


iii 


viability  on  freezing  and  thawing.  Theae  protected  cells 
exhibited  less  DNA  damage  than  equivalent  unprotected  ones, 

4)  Viability  after  stress  correlated  significantly 
with  DNA  damage.  The  relationship  was  different  for 
cryoprotected  and  unprotected  populations,  78%  of  loss  of 
viability  was  associated  with  DNA  damage  for  unprotected 
population  whereas  41%  was  associated  for  protected 
populations. 

5)  DNA  damage  introduced  by  freezing  and  thawing  was 
capable  of  repairing  in  a  nutrient  rich  environment.  The 
repair  process  was  Inhibited  by  hydroxyurea,  nalldixio  acid, 
chloramphenicol,  arsenate  and  caffeine. 

6}  MutantB  with  defeots  in  DNA  repair  genes  were 
assessed  for  sensitivity  to  ultraviolet  light,  x-ray  and 
freeze-thaw.  All  mutants  (uvrA,  reoA.  polA  and  lexA)  were 
more  sensitive  than  the  wild  type  parent  to  freeze-thaw 
while  their  relative  sensitive  to  ultraviolet  light  and 
x-ray  were  similar  to  that  reported  by  others. 

7)  The  ability  of  the  mutantB  to  repair  freeze-thnw 
Induced  DNA  damage  was  assessed.  All  mutants  were  capable 
of  repairing  essentially  all  DNA  damage  introduced  by  the 
Btress.  Thus  reoA,  polA,  lexA  and  uvrA  gones  were  not 
essential  for  repair  of  freeze-thnw  induced  DNA  damage, 

8)  A  model  was  proposed  to  relate  the  stress  of  freeze- 
thaw  to  loss  of  viability  and  included  the  role  of  DNA  and 
membrane  damage  in  the  phonomanon. 

9)  Two  models  were  presented  to  indioate  how  freeze- 

iv 


thaw  DNA  damage  could  be  repaired 
strains  of  E.  coll. 

10)  The  significance  of  DNA 
situations  was  discussed. 
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wild  type  and  mutant 


in  environmental 


PHENOTYPIC  VARIABILITY  OF  LIPIDS  OF  ESCHERICHIA  COLI 
GROWN  IN  CHEMOSTAT  CULTURE 

Peter  H.  Calcott  and  Rita  S.  Petty 
Department  of  Biological  Sciences 
Wright  State  University 
Dayton,  Ohio  45435 

FEMS  Letters  (in  press) 

SUMMARY 

Phospholipids  and  fatty  acids  were  extracted  and  analysed  from 
Escherichia  coli  grown  in  carbon-limited  and  ammonium-limited  basal  salts 
media  at  37*C  in  chemoatat  at  growth  rates  of  0.1  to  0.55h“l.  Phosphatidyl 
glycerol  (PG),  phosphatidyl  ethanolamine  (PE),  diphosphatidyl  glycerol  (DPG) 
and  an  unknown  component  were  detected  in  all  preparations.  Ammonium- 
limited  cells  showed  a  constant  composition  while  carbon-limited  cells 
showed  growth  rate  dependent  alterations  in  the  proportions  of  DPG  and  PG. 

At  low  growth  rates  the  DPG  content  was  low  while  at  high  growth  rates  the 
proportion  increased  to  that  found  in  ammonium-limited  cellB.  The  PG  content 
showed  the  reverse  trend.  Fatty  acid  composition  was  also  modulated  by 
growth  conditions.  While  the  overall  degree  of  saturation  and  average 
chain  length  were  constant  (indicating  a  constant  fluidity  of  thr.  membrane), 
the  relative  proportions  of  the  major  fatty  acids  C^.q,  C^.^,  Cj^.q.  C^.^, 
^18i0*  ^18 : 1  *  ^"18 ! 2 ^  ware  dependent  on  growth  conditions,  It  iB  postulated 
that  key  enzymes  in  fatty  acid  and  phospholipid  biosynthesis  are  under 
catabolltc  repression.  Survival  of  the  cells  grown  under  thoBU  different 
conditions  appeared  to  relate  to  the  levels  of  PG,  DPG,  and  C^g(Q  an^ 

Cl8 : 0  fatty  acids  in  the  membrane  lipids. 


Drug  Resistance  Plasmid  {pPLl)  Mediated  Changes  in 
the  Susceptibility  of  Pseudomonas  aeruginosa  to  Stress 


Pater  H.  Calcott,  Cheryl  Zaborowaki,  Wendy  E.  Levine* 
and  Ngoc-Hai  Truong 


Department  of  Biological  Sciences 
Wright  State  University 
Dayton,  Ohio  45435 
U.S.A. 


*Prasent  address  -  Department  of  Biology,  Indiana  University,  Bloomington, 
Indiana  47401,  U.S.A. 


ABSTRACT 

A  drug  resistance  plasmid  (pPLl)  in  Pseudomonas  aeruginosa  increases  the 

i 

strains  resistance  to  U/V  light,  mercury,  gentamycin,  streptomycin  and  freezing 
and  thawing  while  it  decreases  its  resistance  to  the  presence  of  surfactants 
following  freezing  and  thawing  and  to  the  presence  of  EDTA  in  a  non-growth  situ¬ 
ation.  Growth  kineticB  in  the  presence  of  Bodium  lauryl  sulphate  but  not  NaCl 
was  also  altered  by  the  plasmid.  We  conclude  that  the  plasmid  alters  the  chem¬ 
istry  of  the  wall  which  changes  the  suscaptibilty  of  the  colls  to  stresB. 


Oflkltl  Abilnrl  Form 
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The  Effect  of  Defined  Lipopolysaccharide  Core 
Defects  on  Resistance  of  Salmonella  typhlmur iun 
to  Freezing  and  Thawing  and  Other  Stresses, 
GRANNIE  BENNETT,  ALAN  SEAVER  and  PETER  ti.  CALCOTT*  Dept, 
of  Biol.  Sci. ,  Wright  State  Univ.,  Dayton,  011  45435 


A  defined  set  of  mutants  of  Salmonella  typhimurium 
with  altered  lipopolysaccharide  core  structure  was  exam¬ 
ined  for  sensitivity  to  certain  antibiotics,  detergents, 
and  freezing  and  thawing.  The  MIC's  for  bacitrucin,  nov¬ 
obiocin  and  polymyxin  B  but  not  neomycin  and  tetracycline 
were  greatly  reduced  in  the  deep  rough  mutants,  The 
deepest  rough  mutants  were  sensitive  to  low  levelB  of  SDS 
in  starvation  conditions;  perturbation  with  EDTA  in¬ 
creased  sensitivity.  High  SDS  concentrations  caused  1 
rapid  lysis  in  the  presence  or  absence  of  EDTA.  The 
rough  mutants  were  more  sensitive  to  freezing,  either  | 
slowly  or  rapidly,  in  water  or  saline,  than  the  smooth  | 
strain.  The  mutations  did  not  affect  sensitivity  of  the,', 
cytoplasmic  membrane  to  freezing  and  thawing,  though  the  ■> 
outer  membrane  was  more  susceptible  to  stress.  Isolation 
of  crude  outer  membranes  showed  that  the  rough  mutants 
Incorporated  Icbs  protein  and  more  L.P.S.  than  smooth 
strains.  During  the  isolation  procedure  the  deep  rough 
mutants  released  more  L.P.S.  than  the  smooth  strain.  The 
outer  membrane  components  including  L.P.S.  and  protein 
are  important  structurally  in  determining  resistance  of 
Salmonella  and  possibly  other  Gram-negatives  to  stress. 
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Effect  of  Defined  Lipopolysaccharide  Core  Defects  on 
Resistance  of  Salmonella  typhimurium  to  Freezing  and 
Thawing  and  Other  Stresses 

CEANNIE  M.  BENNETT,  ALAN  SHAVER,  and  PETER  H.  CALCOTTtft 
Drpnrlmvnl  of  Biohgiual  Sciences,  Wright  Stott  University,  Daylon,  Ohio  46435 
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A  family  of  mutants  of  Salmonella,  typhimurium  with  uttered  lipopnlysuccha- 
ride  (LPS)  core  chain  lengths  were  assessed  for  sensitivity  to  freeze-thaw  anti 
other  stresses.  Deep  rough  strains  with  decreased  chain  length  in  the  LBS  core 
were  more  susceptible  to  novobiocin,  polymyxin  B,  bacitracin,  und  sodium  lauryl. 
sulfate  during  growth,  to  ethylenediuminetetrancetic  acid  and  sodium  lauryl 
sulfate  In  resting  suspension,  and  to  slow  and  rapid  freeze-thaw  in  water  and 
saline,  and  these  strains  exhibited  more  outer  membrane  damage  than  the  wild 
type  or  less  rough  strains,  Variations  in  the  LPS  chain  length  did  not  dramatically 
affect  the  sensitivity  of  the  strains  to  tetracycline,  neomycin,  or  NaCl  in  growth 
conditions  or  the  degree  of  freezo-thnw-lnduced  cytoplasmic  membrane  damage, 
^■c-Tha^lpitper  lough  Isogenic  strains  incorporated  larger  quantities  of  less-stable 
LPS  andtflwgjj)  protein/ Into  the  outer  membrane  than  did  the  wild  type  or  loss 
rough  mutants,  indicating  that  the  mutations  affected  outer  membrane  synthesis 
or  organization  or  bot.i,  Nlkaido's  model  of  the  role  of  LPS  und  protein  in 
determining  the  resistance  of  gram-negative  bacteria  to  low-molecular-weight 
hydrophobic  antibiotics  is  discussed  in  relation  to  the  stress  of  freeze-thaw,  . 
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PHENOTYPIC  VARIABILITY  OF  LIPIDS  OF  ESCHERICHIA  COLI 
GROWN  IN  CHEMOSTAT  CULTURE 

Peter  H.  Calcott  and  Rita  S.  Petty 
Department  of  Biological  Sciences 
Wright  State  University 
Dayton,  Ohio  45435 

FEMS  Letters  (in  press) 

SUMMARY 

Phospholipids  and  fatty  acids  were  extracted  and  analysed  from 
Escherichia  coll  grown  in  carbon-limited  and  ammonium-limited  basal  salts 
media  at  37#C  In  chemostat  at  growth  rates  of  0.1  to  0.55h-*.  Phosphatidyl 
glycerol  (PG),  phosphatidyl  ethanolamine  (PE),  diphosphatidyl  glycerol  (DPG) 
and  an  unknown  component  were  detected  in  all  preparations.  Ammonium- 
limited  cells  showed  a  constant  composition  while  carbon-limited  cells 
showed  growth  rate  dependent  alterations  in  the  proportions  of  DPG  and  PG. 

At  low  growth  rates  the  DPG  content  was  low  while  at  high  growth  rates  the 
proportion  increased  to  that  found  in  ammonium-limited  cells.  The  PG  content 
showed  the  reverse  trend.  Fatty  acid  composition  was  also  modulated  by 
growth  conditions.  While  the  overall  degree  of  saturation  and  average 
chain  length  were  constant  (indicating  a  constant  fluidity  of  the  membrane), 
the  relative  proportions  of  the  major  fatty  acids  Cxh;oi  C16:0'  ^lb'l* 

^18:0»  ^18:1*  ^18:2^  were  dependent  on  growth  conditions.  It  is  postulated 
that  key  enzymes  in  fatty  acid  and  phospholipid  biosynthesis  are  under 
catabolite  repression.  Survival  of  the  cells  grown  under  these  different 
conditions  appeared  to  relate  to  the  levels  of  PG,  DPG,  and  C^.q 
Ci8;Q  fatty  acids  in  the  membrane  lipids. 
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!  si  art-*  Characterisation  of  cyclic  phosphodiesterase  in 
Klebsiella  aerogenes  and  its  role  in  subBtrate- 
accelerated  death.  P.H.CALCOTT*  and  T.J. CALVERT,  Dept,  of 
Biol.  Sci,,  Wright  State  Univ,,  Dayton,  Ohio,  45435,  ,i 
I'  Substrate-accelerated  death  (SAD)  is  a  repression 
phenomenon  whereby  the  carbon  source  used  for  growth  or  a 
'product  of  its  , metabolism  reduces  the  cyclic  AMP  level  in 
the  cells  during  starvation.  This  prevents  the  growth  and 
division  of  the  cells  when  they  are  erased  to  a  complete  j 
medium.  The  cyclic  AMP  levels  in  bacteria  are  governed  by 
adenylate  cyclase,  cyclic  phosphodiesterase  and  release 
mechanisms.  Cyclic  AMP  phosphodiesterase  in  K.  aerogencs 
is  a  soluble  cytoplasmic  enzyme  which  breaks  down  3,5*" 
cyclic  AMP  to  5'  AMP  with  an  apparent  of  0.3-0. 4  mM.  It 
does  not  show  a  requirement  for  metals  but  is  sensitive  to 
EDTA.  Sugars  and  nucleotides  do  not  modulate  itB  activity.! 
Unlike  the  E.coli  enzyme,  it  1b  sensitive  to  theophylline,! 
MIX  and  caffeine.  During  starvation  of  lactose-grown  cells 
in  buffer  alone,  in  SAD  conditions  (lactose,  analogs, 
pyruvate  or  glucose)  or  in  protected  environments  (lactose 
+  Mg  ,  +  theophylline,  or  +  cyclic  AMP),  the  enzyme 
remains  fully  active.  It  is  most  likely  that  during  SAD, 
cyclic  AMP  levels  are  modulated  by  adenylate  cyclaBe  and 
that  the  phoBphodiesterase  and  release  mechanismo  act  as 
drains  on  the  Bystem  to  allow  rapid  turnover  of  the 
nucleotide. 
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Involvement  of  Guanusine  Tetrnphosphate 
(ppCipp)  in  Expression  of  Substrate-Accelerated 
Death  in  Escherichia  coll.  GEANNIE  M.  BENNETT 
and  PETER  H.  CALCOTT , *  Dept,  of  Biol.  Scl.,  Wright  State 
Urtiv. ,  Dayton,  OH  4 5A 35  and  CR-Bioproducta ,  Dow  Chemical, 
Midland,  MI  48640. 

Lactose-grown  Escherichia  coli  is  susceptible  to 
lactose-accelerated  death  (LAD)  when  starved  in  saline 
phosphate  supplemented  with  lactose..  However,  0.1  mM 
ppGpp,  0.1  mM  cyclic  AMP  or  10  mM  Mg^  when  added  exo¬ 
genously  alleviated  the  phenomenon.  When  the  organism 
was  starved  in  Baline  phosphate,  it  synthesized  very  low 
jlevels  of  ppGpp,  while  starvation  in  the  presence  of 
lactose  stimulated  the  synthesis  of  the  nucleotide  2-3 
[fold.  Protected  organisms  (starved  in  lactose  supple¬ 
mented  with  cAMP  or  Mg^  )  synthesised  10-15  fold  more  of 
the  nucleotide.  The  presence  of  a  functional  BpoT  gene 
but  not  a  relA  gene  was  required  for  expression  of  LAD. 
When  stressed  organisms  were  added  back  f.o  growth 
medium,  the  level  of  ppGpp  remained  higher  in  those 
strains  resistant  to  LAD  compared  with  those  sensitive. 

It  is  proposed  that  high  ppCpp  levels  are  controlled  by 
cyclic  AMP  and  are  required  by  the  organism  to  signal  an 
adverse  growth  environment  (eg.  unbalanced  C/N  ratio) 
during  starvation.  Failure  to  signal  the  hostile 
environment  results  in  the  failure  of  the  cell  control 
process  to  coordinate  division  when  an  otherwise  favor¬ 
able  medium  is  presented  to  the  organism. 
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CHARACTERIZATION  OF  3' 5'  CYCLIC  ADENOSINE  MONOPHOSPHATE  PHOSPHODIESTERASE 
IN  KLEBSIELLA  AEROGENES  AND  ITS  ROLE  IN  SUBSTRATE-ACCELERATED  DEATH 


FETER  11.  CALCOTT  and  THOMAS  J.  CALVERT 
Department  of  Biological  Sciences 
Wright  State  University 
Dayton,  Ohio  45435 


SUMMARY 


A  cyclic  adenosine  phosphodiesterase  haB  been  detected  in  Klebsiella 
aerogenaB  and  characterized  in  crude  extract.  It  wbb  a  soluble  cytoplasmic 
enzyme  with  apparent  Km  of  0.9  mM  and  pH  optimum  of  7.0.  It  was  sensitive 
to  EDTA,  Mg  +  and  other  metals.  The  enzyme  activity  was  Inhibited  or 
activated  by  some  nucleotides  but  not  by  metabolites  except  pyruvate.  It 
was  sensitive  to  the  methyl  xanthines,  caffeine,  theophylline  and  methyl 
Isobutyl  xanthine.  During  starvation  or  substrate  accelerated  death 
(SAD),  the  enzyme  activity  was  not  modulated.  It  1b  postulated  that  dur¬ 
ing  SAD,  the  enzyme  acts  as  a  drain  on  the  cellular  cyclic  AMP  levels. 

The  cyclic  nucleotide  levels  during  SAD  are  proposed  to  be  modulated  dir¬ 
ectly  by  adenylate  cyclase. 


Cryoprotective  Action  o£  Mon- ionic  Determents  on 
Bacillus  subtills  and  Bovine  Red  Blood  Cell 

Peter  H.  Calcott,  Thomas  J.  Calvert,  Alfred  C.  Draper  III 
F.  E.  M.  S.  Letters  4,  1978,  211-215 

Summary 

Bacillus  subtilis  can  be  protected  from  freeze-thaw  damage  by  two 
non-ionic  detergents,  Tween  80  and  Triton  WR  1339.  The  protection 
afforded  is  dependent  on  the  concentration  of  detergent  and  the  population 
density  in  the  freezing  menstruum  in  a  similar  fashion  found  previously 
with  Klebsiella  aerogenes .  Protection  by  the  detergents  is  afforded 
almost  maximally  at  ultra-rapid  rates  (6000°C/min)  of  cooling  while  at 
slow  rates  (l-2°C/min)  no  protection  is  observed;  intermediate  protection 
is  afforded  at  rapid  rates  (100-2008C/min) .  Membrane  damage  and  its 
protection  has  been  observed  by  measuring  the  release,  of  U/V  absorbing 
material  and  K*  from  cells.  Attempts  at  protecting  bovine  red  blood 
cells  .with  these  detergents  were  entirely  unsuccessful.  The  usefulness 
of  these  compounds  as  cryoprotective  compounds  is  minimal. 


Protection  of  Escherichia  coll  from  Slow  Freezing  and 
Thawing  by  a  New  Class  of  CryoprotectantB :  lonophorea. 


Peter  H,  Calcott  and  Michal  Thomas 
Department  of  Biological  Sciences 
Wright  State  University 
Dayton,  Ohio  45435 
U.S.A. 


SUMMARY 


EDTA-permeabilized  Eh  coli  can  be  protected  from  slow  freezing  and 
thawing  but  not  rapid  freezing  and  thawing  by  ionophores  such  as  gramicidin 
and  valinomycin  but  not  by  pentachlorophenol.  In  combination,  gramicidin 
and  valinomycin  were  detrimental  to  cryosurvivnl ,  ThiB  implicates  the 
Bodlum  and  potassium  gradients  that  accumulate  in  and  around  cells  during 
freezing  as  potential  lethal  factors  to  cells  subjected  to  slow  but  not 
rapid  freezing  and  thawing,  It  lendB  support  to  Mazur's  "Two  Factor 
Hypothesis . " 
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